Abstract In order to evaluate the coal mine water injection accurately, the gray comprehensive evaluation is applied in this paper, the depth of coal seam, the development degree of coal seam crack, porosity, gas pressure in coal seam, wetting edge of coal, firmness coefficient of coal are chosen as the main index to evaluate the method of water injection into coal mine. The results show that the gray comprehensive evaluation model has a relatively high reliability and accuracy, which can be used to predict the difficulty degree of water injection.
Introduction
Coal seam water injection method, which is widely used in coal mine production, is applied to prevention of rock burst, coal dust, coal and gas outburst. The effect of water injection in some places is good, while in other places is less effective, even is hard to be injected for some coal seams, so it is important to scientifically evaluate whether the coal seam can be injected into or the difficulty degree of water injection, which provides important references for the way and parameters of water injection.
There have been considerable studies about prediction of coal seam water injection in recent years, for example, the back-propagation artificial neural network method, the fisher discrimination method, which have gotten some achievements and have become hot spot in predicting coal seam water injection in order of difficulty, however these methods also have some shortcomings.
On the basis of expert judgment, gray comprehensive evaluation method is guided by gray correlation analysis theory. In order to predict the difficulty degree of water injection into coal seam accurately, gray comprehensive evaluation model is applied in the paper on the basis of gray system theory. Provided with 8 groups of related data instances of coal seam to predict, the results can be used as references for water injection parameters.
Evaluation index of difficulty degree of water injection into coal seam
The difficulty degree of water injection into coal seam refers to the ability of coal adsorbing water: whether the water is easy to get into the porosity and cracks structure of coal, and in some cases which may contain whether the water is easy to run off from some cracks. In the course of water injection, if the water is hard to get into the pores and cracks structure of coal, or is easy to run off from the cracks, the effect of water injection will be influenced, even no effect, so the index of difficulty degree of water injection into coal seam is crucial to evaluate water injection. With reference to the existing research results at home and abroad, the index s accessible and universality in location prediction, the actual situation of typical mine at home and abroad where water injection is adopted in coal seams, the main index in this paper contains the buried depth, the development degree of coal seam crack, porosity, gas pressure in coal seam, wetting edge of coal, firmness coefficient of coal.
(1) The buried depth The compression levels of pores and cracks are related to the formation pressure which is influenced by the buried depth. The water permeability coefficient decreased as the cracks are compressed and the pore volume decreased while the buried depth increases.
(2) The development degree of coal seam crack The development degree of coal seam crack is an important factor affecting the coal seam water injection. In general, water is easy to be injected in high permeability coal seam.
(3) The porosity The porosity has a direct effect on water injection. Whether the water is easy to be injected and the wetting effect are closely concerned with the nature water filling degree of coal seam and water permeability of crack which has a certain function with porosity.
(4) The gas pressure in coal seam The gas pressure in coal seam is resistance to water injection, the effective pressure of water injection is that the water injection pressure minus the gas pressure. So in the high pressure coal seam, in order to get the same water injection volume, the water injection pressure should be improved, which increases the difficulty of water injection.
(5) The wetting edge of coal The smaller the wetting edge of coal is, the more the capillary force is, which enhances the water injection and causes the water easily be injected.
(6) The firmness coefficient of coal The firmness coefficient of coal comprehensively reflects the breakage degree of coal under a variety of ways. Practices show that if other conditions are similar, the less the firmness coefficient is, the easily the water is injected.
Gray comprehensive evaluation method on coal seam water injection method in order of difficulty

Gray system evaluation model
The basic idea of gray system evaluation is: confirming the correlation degree between comparative sequence and reference sequence according to the geometric similarity degree of family of curves composed of comparative sequence and family of curves composed by reference sequence. The more similarity of geometric between the curves composed by comparative sequence and the curves composed by reference sequence is the bigger the correlation degree is. For gray system evaluation of coal seam water injection, the comparative sequence is composed by all index value of one project.
In the formular1,i=1,2,...,n, n represents the number of the project; m represents index number of each project.
The paper chooses 8 different sites in coal mine to evaluate the coal mine water injection. The evaluation indexes of the sites is presented in Table 1 . 
Confirming the reference sequence
When different locations in coal mine were made to be evaluated, the criterion should be made in accordance with the comparability and advanced principle which is the optimal value of each index. The optimal value is chosen in the light of the criterion which benefits the coal mine water injection. For example, the more the crack is developed, the bigger the porosity which benefits the coal mine water injection is, so the maximum value is chosen as the optimal value; where the gas pressure goes against the coal mine water injection, the minimum value was chosen as the optimal value. The optimal index set is: 
When the optimal index set is chosen, the matrix D was made as follows: 
Standardization processing of the index value
As the dimension and the magnitude of the evaluation index are different, so the evaluation index cannot be compared directly, the original index value should be standard handled in formula 5:
In the above formula, 
Confirming the correlation degree
According to gray system theory, when comparing sequence C i comparing to reference sequence C 0 , we can get the correlation coefficient
by formula 9:
In above formula, U is the discrimination coefficient, which effect is to improve the significant difference between correlation coefficients. U is selected usually from 0 to 1, generally U =0.5. So we can get the evaluation matrix of coal mine water injection as follows: 
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From the above calculation, we can get the conclusion that:
(1) The sites from which are hard to be injected to 02049-p. 4 which are easy to be injected are: site 6, site7, site2, site1, site8, site4, site5, site3, where site 1and site 8 are in the same difficulty when water is injected.
(2) In the paper, the biggest of the correlation degree is site 3 which is closest to the optimal value, so site 3 is the best site for coal mine water injection. When the 8 sites were compared, we can find that the development degree of coal seam crack and the porosity in site 3 is high and the gas pressure in coal mine in site 3 is small, so site 3 is the best site for water injection into coal seam.
(3) In the paper, site 6 is the worst place for water injection, where buried depth is large, the porosity is small, and the gas pressu1re in coal seam is high relatively.
Conclusion
(1) The paper analyzed the main indexes which can best reflects the coal mine water injection in order of difficulty, the buried depth, the development degree of coal seam crack, the porosity, the gas pressure in coal seam, the wetting edge of coal and the firmness coefficient of coal were chosen as the main indexes for coal mine water injection evaluation.
(2) The gray comprehensive evaluation model of coal seam water injection was constructed by gray system theory, which achieved good results by coal seam water injection evaluation of 8 different sites in coal mine. (3) The conclusion presents important references for selection of process and parameters.
